Abstract-The present manuscript deals the kinetics of the oxidation of levulinic acid by Ce (IV) perchlorates in perchloric acid. The reaction follows a first order rate dependence on the Ce (IV) concentration but the value of k1 decreases with the increasing concentration of Ce (IV). Evidence for complex formation between Ce (IV) and levulinic acid was obtained from the Michaelies-Menten reciprocal plots. This was further confirmed spectrophotometrically where the absorption intensity in the wave length region 212 mµ-216 mµ, was intensified as compared to absorption spectra of Ce(IV)perchlorate under identical conditions with an increase in [H+], the rate increases and a plot between [HClO4 ] -1 and k1-1 is a straight line intercepting the ordinate. The reaction shows a positive salt effect. A suitable mechanism has been postulated and the values of activation parameters are reported.
Introduction
The kinetics of the oxidation of various organic compounds by cerium (IV) has been reported by many authors [1] [2] [3] [4] [5] but the study in the field of oxidation of ketonic acid is scarce. The existence of the cerium (IV) salts as Ce (IV) acetylacetonate [6] , Ce (IV) tetrakis (dibenzoyl methane) [7] and Ce (IV) disalicylalpropalenediammine [8] , the X-rays diffraction studies have clearly indicated that the coordination umber of Ce (IV) is eight. It seems most likely that the sulphate [9] and nitrate salts which are also eight coordinated, whereby more than one coordination site may be occupied by the oxygen atom of a single nitrate or sulphate ion. In solution, the solvent may occupy the coordination sites so that eight coordinate of Ce (IV) is maintained. The spectral and potentiometric studies [10] [11] [12] [13] [14] [15] [16] [17] of Ce (IV) in perchloric acid have revealed that the Ce (IV) does not appear to form stable complexes with perchlorate ion but exist as [Ce (H2O) [18] . To a known volume of perchloric acid and ceric perchlorate which were kept in a thermostat, was added a required volume of levulinic acid which was also kept in the same thermostat. At suitable interval 5.00 ml of the reaction mixture was withdrawn and analyzed for Ce (IV) after quenching the reaction with a known volume of ferrous ammonium sulphate and titrating the excess of ferrous ion with ceric sulphate solution using ferroin as an indicator. Reaction bottles were painted black to eliminate any photochemical reduction. The rate constant were obtained by potting a graph between time and log (a-x), the slope gives the value of k1. 
Results and Discussion
The spectrophotometric studies of Ce (IV) perchlorate in perchloric acid medium suggested that, predominantly, Ce (IV) species in our experimental conditions was [Ce (H2O)7 OH] 3+ . We base our conclusion from the facts that the intensity of the absorption in the wave length region 211± 5 mµ is maximum and the intensity is drastically cut in this region when the concentration of the Ce (IV) is increased from 0.62 X 10 -3 N to 6.67 X 10 -3 N at fixed concentration of perchloric acid, indicating that the dimerisation has set in at higher concentration. Because the dimeric species results from the association of monomeric species [Ce(H2O)7OH] 3+ , the decrease in the absorption intensity at the wavelength 211± 5 mµ justifies absorption region of monomeric species [Ce(H2O)7OH] 3+ . We have also performed the spectrophotometric studies at different H + concentrations at a fixed concentration of Ce (IV) and have noticed that the intensity in the wavelength region 211± 5 mµ decreases. It is reported in the literature that the production of hydrolysed ceric species in the perchloric acid medium represented by the following equation (1) will be 85% complete [15] when the concentration of perchloric acid is kept at 2 M.
(1) In all our experiments the maximum concentration of perchloric acid employed was 1.80 M, indicating that Ce (IV) will mostly occur as [Ce (H2O) 7OH] 3+ . The rate of disappearance of Ce (IV) in perchloric acid medium follows first order kinetics. The value of first order rate constant has been calculated from the slope of the graph between't' and log (a-x). The graph obtained is a straight line indicating that the value of rate constant does not alter during the run. The kinetic results of two typical runs are reproduced in Figure-1 . The value of k1 depends with the initial concentration of Ce (IV)-perchlorate. (Figure-2B ). The effect of temperature on the rate of reaction and the values of activation parameters are given in Table-3 . On the basis of the catalytic behavior of H+ and the experimental observations, we propose the following mechanism for the oxidation of levulinic acid. Equation (4) is the rate determining step. The formation of free radical takes place through C-H bond fission which subsequently undergoes further fragmentation [19] . Considering the first order rate dependence on Ce(IV), the rate equation can be written as, (8) At lower initial concentration the presence of dimeric species will be negligible and thus from the equation (7) we get,
When the initial concentration of Ce(IV) is higher, the dimmer will be formed by association of monomeric species as shown in equation (2) . Thus the concentration of the [Ce(H2O)7OH] 3+ will be less and the denominator in equation (9) At lower initial concentration of Ce (IV) the dimeric species will be negligible and hence the value of rate constant will be higher as compared to higher initial concentration of Ce(IV) where the dimeric species will be significant. However, this has been observed that the value of k1 does not increase in a given run, may be because of the slow reversibility of the equation (2) . This effect is reminiscent to that mentioned in the literature with regards to the oxidation of alcohol [20] , aldehydes [21] phenanthrene and 3-substituted phenanthrene [22] by chromic acid where acid chromate-dichromate dimerisation equilibrium arises that the value of first order rate constant does not alter during the run but changes with the initial concentration of the oxidant.
Stoichiometry and products
In the studies of kinetic runs, the concentration of Ce (IV) was kept less than the concentration of levulinic acid but in the stoichiometric study, a known excess of Ce (IV)-perchlorate was allowed to react completely with a mixed amount of levulinic acid at 30°C. The reaction takes three months for its completion as observed from time to time estimation of Ce (IV). The stability of Ce(IV) solution for this duration was tested and found that the concentration does not alter if the identical conditions were maintained. The unreacted Ce(IV) was estimated volumetrically and the stoichiometric ratios are given in Table-4 .
Table 4-Stoichiometric Ratios
The product formed was identified to be acetic acid by ascending paper chromatography with authentic samples using n-butanol saturated with ammonia as a developing solvent and bromophenol blue as a spraying reagent. The Rf value was found to be 0.61. On the basis of the equivalents and the product formed, the reaction can be shown to proceed as follows. One moles of levulinic acid gives rise to one mole of acetic acid and 3 mole of carbon dioxide. 
